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A procedure for the detection and determination of 
Gold (III) using a-naphthylamine as the reagent has been 
developed. The method involves the selective extraction 
of chloroauric acid into n-butyl alcohol from an aqueous 
solution saturated with potassium chloride. Light-scatter­
ing techniques have been employed to study the rate of the 
reaction between chloroauric acid and a-naphthylamine in 
methyl, ethyl, n-propyl and n-butyl alcohols. The results 
of the rate studies indicate that the *,nucleation', process 
in the formation of colloidal gold is one of linear conden­
sation polymerization. The influence of the solvent on the 
reaction has been interpreted, in terms of the dielectric of 
the reaction media.
INTRODUCTION
Th© present investigation was undertaken for the purpose 
of establishing the feasibility of color development reactions 
for use in detecting and determining inorganic materials in 
nonaqueous solutions. Th© development of such reactions would 
be of value for use in the analysis of inorganic constituents 
of chemical systems that are primarily organic (oils, fats, 
pharmaceuticals), and when combined with solvent extraction 
procedures, would be of special value in the development of 
specific, selective and sensitive reactions for general 
analytical application.
Relatively few specific analytical reagents have been 
made available, although hundreds of reagents have been 
studied. For most cases it is necessary to employ selective 
reagents and approach specificity through proper conditioning 
of the selected reaction. Th© reaction specificity of a given 
reagent can be controlled by carefully adjusting the hydrogen 
ion concentration, oxidizing or reducing interfering ions so as 
to render them un-reactive, masking interfering ions in the 
form of slightly dissociated complexes or pseudo-salts, or 
by performing physical separations In which interfering mate­
rials are removed by precipitation, distillation, adsorption, 
or extraction. Although the effect of th© reaction medium 
for controlling the analytical specificity has never been 
subjected to extensive study, it undoubtedly plays a prominent 
role in establishing reactions or reaction characteristics.
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Selective separations obtained by solvent extraction 
of inorganic cxmpoun&s, combined with direct color develop­
ment in the nonaqueous phases holds considerable promise as 
an area for analytical chemical research0 Normally, Inorganic 
salts are Insoluble in non-polar organic solvents« For those 
cases in which solubility of the inorganic material Is ob­
served, a high degree of selectivity Is generally inherent 
in the action of the solvents<> In certain Instances, group 
separations can be obtained by the addition of some com- 
plexi&g agent followed by extraction with some suitable sol­
vent, For example, a large number of thlocyanate complexes 
can be efficiently extracted Into methyl ethyl katone or 
similar solventsj a number of complex iodides are also 
extractabie. Often, however, extractions are highly selec­
tive and extractabillty can be controlled within limits by 
varying extraction addenda, hydrogen ion concentration and 
extracting solvents.
Where efficient extraction procedures are found, 
added selectivity and simplicity should result if suitable 
color development reagents could b© made available . Such 
reagents would eliminate the necessity for transferring the 
inorganic materials back to an aqueous system before final 
analytical study and might possibly exhibit advantageous 
characteristics over comparable reagents which react only in 
aqueous solutions.
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Th© experimental approach used in developing analytical 
procedure3 involving non&queous systems was concerned initially 
with uncovering a color development reaction that would take 
place in the absence of water. A number of metal salts were 
found to dissolve in a variety of organic solvents and the 
solutions so obtained were treated with potential reagents dis­
solved in corresponding solvents* Th© reaction between gold 
(III) chloride and aniline seemed especially promising and 
was selected for more Intensive study.
The effect of employing different type solvents as re­
action media for th© reaction between gold (III) and aniline 
was investigated. Of the solvents studied* E-butyl alcohol 
was considered to be ©specially suited to th© present study, 
since it was observed that a chloroauric complex was effi­
ciently extracted into this solvent from an aqueous solution 
saturated with potassium chloride. The possibility of using 
other amines for the reaction with gold (III) in a n-butyl 
alcohol solution was investigated* and it was observed that 
the use of a-naphthylaj&Llne resulted In the development of a 
highly colored solution. Spectrophotometric measurements 
made on these solutions showed the Intensity of the color 
produced by the reaction to be dependent on th© concentration 
of gold (III).
Additional studies were made to determine th© selec­
tivity of the extraction process and to determine th© Inter­
ferences encountered when other inorganic materials.were 
present in the "Initial aqueous solution. Th© results of
4
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development of the method as an analytical procedure for 
the detection and determination of gold (III).
It was logical to as suae© from the color produced by 
th® reaction of th® gold salt with a-naphthylamine that 
ore product of the reaction resulted in th© formation of a 
sol - colloidal gold. Bowing that an appreciable fraction 
of an incident light beam is scattered by sols and that 
the intensity of this "scattered-light" is dependent on the 
size and number of th© scattering particles, it was decided 
to Investigate the possibility of studying the progress of the 
reaction by the utilisation of light-scattering methods.
An extensive examination of the reaction of the chloro­
auric complex and a-naphthylamine In methyl, ethyl, n-propyl 
and n-butyi alcohols was made employing these methods. The 
results of this work have been used to determine th© effect 
of variations In th© concentration of gold (III) on th© rat© 
of th© reaction and to compare the effect of the different 
alcohols on the reaction.
REVIEW OP THE LITERATURE 
I- ^Detection and determination of gold.
A number of testa for the detection of gold are to be 
fowsd In the literature. Only a few of the more important 
of there will be treated here. On® of th© oldest and most
familiar reactions is the formation of th© Purple of
Cassias '{27)$ in which an intensely colored hydrosol of
metallic gold and stannic hydroxide results from th© re­
action between gold salts and stannous chloride. It Is to 
be noted that in most detection methods for gold., identi­
fication Is mad© possible through the reduction of the gold 
salt;, as is the case in th© formation of the Purple of 
Cassius.
Th© reaction of gold salts with £-dlmethylaminobenzy- 
lidene rhodanln© to give a red-violet inner complex salt 
precipitate (20) is well known for th© detection of minute 
quantities of gold salts. As is true in a majority of the 
test reactions proposed for this elementp a lack of speci­
ficity Is involved because many of the heavy metals in their 
higher oxidation states are found to give positive inter­
ference's o
Maisteata and dl2£ola (17} reported the reaction of gold 
gaits with benzidine In 1914* but it was not until 1930 
that Tan&naeff and Dalgore (32) proposed th© reaction as a 
sensitive test for gold. This reaction offers the interest­
ing feature that enhancement of th® sensitivity of the test 
Is realized as a result of th© oxidation of benzidine to a
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blue quinone-imin© type of dyestuff, benzidine blue, with 
the simultaneous reduction of gold to form a blue sol. A 
lack or specificity has always been a deterent In th© use 
of this extremely sensitive test reaction because most 
other oxidizing agents aiso cause the formation or the blue 
meriquinoid form of the reagent.
Not axi tests for gold are based on the reduction of 
gold saltso West (38) has studied the reaction or £-acid 
fuchsin (a triphenyi metnane dye) and auric chloride. His 
studies indicate the formation or molecular compounds be­
tween tne reagent and tne gold salt.
The use or a-naphtnyiamine ror the detection or traces 
01 goid as reported by Hoxzer and Reir (13) is generally con- 
siderea less suited for analytical purposes. In addition to 
the normal oxidizing interferences, Plaksim and Suvorovskaya 
(24) report th© presence of electrolytes as an additional 
disturbance in th© test reaction.
From the foregoing if is realized that the principle 
difficulty in existing tests for gold salts lies in the lack 
of specificity of the reagents. A possible solution to th© 
problem of interferences is to be found in the utilization of 
selective solvent extraction, The moat common solvent for 
the extraction of gold salts .is ether, although other organic 
solvents have also been found very satisfactory,,
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II. Theory and applications of light scattering,i
When a beam of light falls upon matter9 th© electric 
field associated with the light induces periodic oscillations 
of the electrons in th® material. The material then serves as 
a secondary source of light and radiates energy in the form 
of scattered radiation with a wavelength equal to that of the 
incident light, (There is also a relatively small amount of 
light which is re-emitted with an altered wavelength - the 
Raman effect,) Th© polarisation and angular distribution of 
th® scattered radiation are determined by the characteristics 
of the molecules producing th© scattering. From measurements • 
of the intensity of the scattered-light normal to th© path of 
the incident beam, it is possible to determine molecular weights 
of the scattering particles that are small compared with the 
wavelength of the light. Larger particles gives angular 
scattering patterns (measurements of the scattering intensities 
at various angles of observation from the path of th© incident 
beam) yield information concerning th© dimensions and possible 
shape of the dispersed particles, Th© us© of light-scattering 
techniques to study molecular systems has th© advantage that 
th© system wider investigation is not affected by th© measurement 
(excepting photochemical processes}9 and that rapid changes in 
th© system can be easily followed.
In l871p Lord Rayleight (26) laid th© foundation of light- 
scattering by his application of electromagnetic theory to th© 
problem of light scattering by molecules in gases, Th© follow­
ing equation for th© decrease in intensity of th© primary beam 
p©r unit volume of gas was derived by Lord Rayleighs
8
where t is the turbidity, th© extinction coefficient of the 
Lambert Law due t© scattering,
A is the wavelength of the primary beam in the medium,
Sis th© number of scattering centers (molecules)
and & Is th© pol&rlzibllity, the proportionality factor 
relating the magnitude of the Induced electric 
moment to the strength of th© exciting field. This 
term has the units of volume.
If the polarizability is expressed In terms of th© re­
fractive Index and the number of scattering centers In terms 
of the molecular weight of the particles, and providing the 
particles are small compared with th© wavelength of the 
incident light and th© solution can be considered ideal, the 
above equation may b© reduced to the form (6):
m  = L
where
M  Is the molecular weight 
C is the concentration,
K
Jlo
c is Avogadr© 8 s nxi
solvent, 
solution,
and x  is the wavelength of th© primary beam In th© medium.
Is the refractive Index of 
yu- is th© refractive Index of
9
i AccordinglyP th© mol©cular'weight of small isotropic
particles can be determined from a knowledge of a (a) th© 
turbidity of a dilute solution of th© materialp (b) the 
concentration of th© solution and (c) the specific index-of 
re frac t ion inc remenb *
Putzeys and Broste&ux (23) determined the relative 
intensity of scattering from dilute solutions of various pro­
teins o They found that the intensities were proportional to 
the known molecular weights of these proteins and were, thereby, 
the first to establish the light scattering method as a use­
ful means of determining the molecular weights of large mole­
cules in solutions*
A theoretical extension for th® application of the 
light“scattering method to the study of some kinetic pro­
cesses frequently encountered in high polymer and colloid 
chemistry has been developed by Oster (21)* H© has shown by 
calculations that*, (a) in linear condensation polymerizations 
the turbidity increases linearly with time with a slope pro­
portional to th© rate constant of the first step of the 
aggregation reaction; (to) in addition polymerisation, the 
turbidity increases quadratleally in tiaaep with a curvature 
determined by the rat© constant of the elementary step 
reaction; and (c) in coagulation of colloidal particles, 
th© turbidity increases linearly In time with a slope pro­
portional to th© square of th© weight concentration of the 
colloid.
A study of th© time dependency of th© turbidity of a
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solution requires a detailed knowledge of the mechanism 
of the reaction for interpretation of the turbidity as a 
measure of the rate of the reaction. It is therefore 
necessary to make certain assumptions to realize this 
relationship since the mechanism is not always available. 
Conversely, it is perhaps possible to formulate a reaction 
mechanism from a study of the change in turbidity with time„
The above considerations apply to non-absorbing (or 
weakly so) particles« That the situation is considerably 
different for metallic conducting particles follows at once 
from the fact that sols made up of conducting particles 
change in color as the particles grow. According to Mie (19)j 
the color of metal sols may be deduced from his theory when the 
index of Refraction of the metal, n', is given by the 
expression
= n - i k
where n is the ordinary index of refraction and is theA
absorption coefficient of the metal. For all metals sols 
absorbing in the visible region, n and k are nearly equal 
and are of the order of unity. Both quantities vary con­
siderably with the wavelength in a manner characteristic for 
each metal.
Steubing (30) examined the transmission and the 90°“ 
scattering of gold sols in considerable detail. His results 
on the relationship of absorbed and scattered light to the 
size of the colloidal particles were found to be explainable 
in quantitative fashion by Mie's theory. (LaMer (16) has
11
recently completed a study on the verification of the Mie 
theory and has provided an extension of the calculations 
to apply to larger particles,,)
With the advent of the electron miscoscope which has 
a resolution permitting the examination of the individual 
colloidal particles., it was natural that investigations he 
initiated in an attempt to verify and extend existing theories 
relating to colloid chemistry„ Turkevich and his co-workers 
(34) made a survey of colloidal gold3 utilizing the electron 
microscope to study the shape, mean size and size distribution 
of the various preparations of colloidal gold and to determine 
the factors governing these properties, This study revealed 
that the nature of the product formed was highly dependent on 
the reagent used and on the conditions existing during their 
formation. These authors proposed that the shape of the size 
distribution curve is dependent on the relative rates of two 
separate processes 1 "nucleation" and "growth", defined 
respectively., as the "process whereby a discrete particle of 
a new phase forms in a previously single phase system," and 
"a process in which additional material deposits on this 
particle causing it to increase in size.1'
A typical nucleation curve obtained by Turkevich and his 
co-workers using nephelometric measurements was shown to have 
four principle regionss an induction period, an initial rapid 
nucleation, a "linear" portion, and decay portion. This curve 
was interpreted as follows. The process responsible for 
induction might to© a result _of th© removal of an inhibitor of
th© nucleation process . It was proposed that the second portion
of the nucleation curve which represents a rapid increase in 
the number of nuclei with the rate of increase increasing 
with time was characteristic of an autocatalytic reaction.
The "linear” portion wherein the turbidity was directly pro­
portional to the time, was felt to be a result of a first order 
type reaction - the rate determining step in the nucleation 
process being the unimolecular decomposition of a complex of 
gold. The slope of the last portion of the curve decreased 
rapidly with time as if one of the reactants Is being exhausted. 
Turkevich, et al, has shown that only a small fraction of the 
chloroauric ion has been reduced at this point. They propose 
an intermediate complex that inhibits temporarily the growth 
of the particles.
As the particles grow and increase In number, they grow 
more rapidly and begin to exhaust the "active" species of the 
nucleation process.
An "organizer" mechanism for the formation of a nucleus 
was proposed by these authors. They postulated that the 
nucleating agent gradually forms a complex with the gold ions 
thereby chemically binding a large number of both gold ions and 
reducing agent molecules into large macromolecules which at some 
stage will undergo a molecular rearrangement to produce a 
metallic gold particle of large size, a size greater than that 
just demanded by the stability of the particle.
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EXPERIMENTAL
I. Chemical89 solutions and reagents
Chloroauric acid.., C„ P 0o The salt was dried prior to use*
Potassium chloride, C. P„
Acetone 3 reagent grade
Benzene , reagent grade
n-Butyl alcohol 5 reagent grad©
Diethyl ether9 reagent grad®
Ethyl alcohol, reagent grade absolute
Ethyl acetate, reagent grade
Glacial acetic acid, reagent grad©
Methyl alcohol, reagent grad©
n-Propyl alcohol, reagent grade




a-N&phtfcylsmin®. Th® commercial product was 
purified by recrystallization from warm petroleum 




A B©daman Model Dir spectrophotometer was used for
gpectrophotometric measurements, the test solutions being
contained in Corex cells *
Light ““Scattering measurements were made with a Brice-
Spelssr light “-scattering photometer manufactured by th©
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Phoenix Instrument Company0 Intensities were measured-with 
a sensitive galvanometer (0.0014 microamperes per division) , 
in an unamplified photomultiplier tube circuit., Th© galvanom­
eter was graduated in millimeters from zero to one hundred.,
If at any time the intensity became great enough to force the 
galvanometer deflection off scale, neutral filters of known 
transmittance were inserted Into the incident beam., The 
galvanometer reading thus obtained was divided by the trans­
mittance of th© filters to obtain corrected Intensities in 
arbitrary units*
A General Electric AH-3 type mercury vapor lamp operated 
under a potential of 115 volts was used as th© light source.
The emitted light was filtered to give an Incident beam of 
wavelength approximately 547 am« A cylindrical scattering 
cell was used in determining the angular scattering patterns 
of the solutions and in measuring th© scattered Intensities 
at the desired angles (45°» 6C°, 120° and I350 from the path
of the incident beam) during the course of the reaction. For
othe kinetics studies, in which only transmitted and 90 — 
scattering intensities were measured, a square scattering cell 
was employed.
Ill. Methods
Distribution coefficients were determined by extracting
aqueous solutions of varying concentration of chloroauric 
acid,, which w©r© saturated with potassium chloride, with 
similar volumes of n-tutyl alcohol. Th© resulting aqueous 
phase was then analyzed for residual gold content by color com-
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parison of test samples with solutions containing known con­
centrations of chloroauric acid using benzidine and 
p-dimethylaminobenzylidene rhodanine as reagents„
A determination of the absorption spectra of the solution 
resulting from the reaction of chloroauric ion and a-naph- 
thylamine in butyl alcohol showed the solution to exhibit an 
absorption maximum at 515 mu. The dependence of the light 
absorbed by this sytem on the concentration of chloroauric 
ion was determined, optical density values being measured after 
the reaction had proceeded for twenty to forty minutes with a 
light of wavelength 515 mu0 The time at which measurements are 
made is critical because a rapid change in the absorbancy is 
observed during the first minutes of the reaction and the 
absorbancy is appreciably affected by the rapidly changing 
turbidity observed after extended reaction times (Figure 4).
Interference studies were made according to the pro­
cedure discussed by West (37)> with the modification that an 
aqueous solution containing the possible Interference ion 
and saturated with KC1 was first extracted with n-butyl 
alcohol and the resulting organic solution was tested with a 
n-butyl alcohol solution of a-naphthylaminee (One per cent 
solutions of the amine in the various solvents were used through­
out the investigation,) This procedure was repeated for the 
possible interfering Ions with the addition of chloroauric acid 
to the aqueous solution prior to the extraction operation.
To study the general effect of solvent, solutions of gold 
(III) in the several solvents were prepared from the dried
16
ichloroauric acid. Aliquots of ̂ these solutions were then 
treated with a few drops of aniline and th© results noted .
Th© gold solutions for this phase of the investigation were' 
not standardizedo
For th® colloidal studies9 solutions of chloroauric 
acid in methyl, ethyl, n-propyl and n-butyl alcohol were 
standardized by gravimetric (4) and electron©trie (28) 
methods. In th© fomer, a suitable aliquot of the gold 
solution was pipetted into a tared porcelain crucible„ An 
excess of oxalic acid was added and th© mixture slowly 
evaporated to dryness. Th© residue was then ignited to remove 
all volatile materials and weighed. In the latter method, 
an aliquot of th© gold solution was transferred to an electro- 
deposition beaker? treated with potassium cyanide and diluted 
with distilled water. This solution was then heated to approxi­
mately 80° Go and ©lectroanalyzed? th® gold being deposited on 
a taped platinum electrode. The electrode was washed with 
distilled water? dried and weighed. The results of both 
methods were recorded as milligrams of metallic gold per 
liter of solution.
Th© prooedui8© uged to obtain th® scattering intensities 
wag fellows % )kst aliquot of th© standard alcoholic chloro- 
amrlc ion solution was transferred Into a light-scattering 
cell and diluted to a definite volume with additional alcohol.
Th© angular scattering pattern for this solution was obtained 
by recording the intensities of the scattered-light (as galvanom­
eter deflections) for 10° increment a beginning with an angle 
20° from th© path of th© incident beam. Th© Intensity of th©
17
transmitted beam was also noted After obtaining these 
values9 a volume of reagent solution (alcoholic a-maphthyla- 
mine) was added with gentle stirring and with simultaneous 
activation of an electric timer. Intensities of th© trans-
i
mittad and scattered light for the desired angles were then 
recorded with corresponding times.
These data were then plotted as Intensities of the 
transmitted and scattered light versus time. Further treat­
ment of th© data was as follows■ the intensity of the 
scattered light at any given time was divided by the intensity 
of. the transmitted beam at the corresponding time. The result- 
ing quotients (InyIo» where the superscripts refer to the time 
of the measurement and th© subscripts to the angle of obser­
vation from the path of the transmitted beam) were then 
corrected for the Initial scattering of the chloroauric acid 
solution by obtaining the difference 'between the quotient at 
any given time and that at zero time. (This neglects the 
effect of the scattering due to impurities which may have been 
introduced when the reagent was addedj these impurities may 
contribute significantly to the low angle scattering. The 
appropriate method for correction is debatable, but a method 
involving th© extrapolation of the (Igo difference to
zero tlure was selected.) The resulting values were character­
istic of the scattering material and as such were used to 
yield information concerning the size of th© colloidal particles 
under investigation.
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For comparison of the rate__ studies "between the several 
solvents for equivalent concentrations of gold (III), the 
final results calculated by the method above were divided by1 
the square of the refractive index of the respective solvent,,
iThis additional correction was Introduced to account for the 
intrinsic solvent Influence on turbidity measurements. That 
the turbidity Is inversely proportional to the square of the 




Xo Analytical $ todies
A very* pronounced golvent influence on the reaction between 
phloroaurlc acid, and aniline was noted, the results of this survey 
being presented in Table Xo While no analyses were made of the 
final products of the reactions the fact that all test solutions 
were ultimately dark red in color is evidence that the same 
reaction occurred in the several solvents. No reaction was 
realized in benzene as a result of the insolubility of the auric 
chloride in this solvent,
The results obtained when different amines serve as the 
reagent for the detection of gold (XXI) in a single solvent 
(n-butyl alcohol) are given in Table XX. This information is 
reported without further comment since no additional studies were 
made on this subject.
Extraction of an aqueous chloroauric acid solution, satu­
rated with potassium chloride, with n-butyl alcohol was found 
to be highly efficient over a fairly wide range of concentrations 
of chloroauric ion as evidenced by favorable distribution co­
efficients, (Table XIX). The alcoholic solutions resulting 
from the distribution studies were then used to determine 
the absorption spectra of the chloroauric acid a-naphthylamine 
reaction products 0 The transmittance curve shows the mid­
point of the absorption maximum to be at approximately 515 
(Figure X)* This Is In agreement with results obtained by 
earlier workers (30) for solutions containing very small gold 
particles.
Usi&g a 515 millimicron light, the concentration dependency 
■j(as a function of the gold (III) concentration) of the absorption 
by the system resulting from the reaction of chloroauric ion and 
a-naphthylamin© in n~butyl alcohol was determined„ These measure 
ments were made after the reaction had proceeded for approxi­
mately thirty minutes 0 Optical density measurements should be 
made after the solution has been allowed to react for twenty 
to forty minutes to insure reproducibility of th® measurements. 
(The development time for test solutions should approximate 
that of the solutions used in th© preparation of the reference 
or "working*- curve.) A linear relationship between optical 
density and chloroauric acid concentration was founds, indicating 
an adherence to Beer3s Law of absorption„ Th® results are found 
in Figure 2.
The limit of identification of the reaction was found to 
be less than one microgram. Sine© the technique proposed for 
the detection and determination of gold involves an extraction, 
th© concentration sensitivity becomes meaningless - gold in 
an, aqueous solution being readily concentrated in the extract­
ing acivent by the use of minimum volumes or that solvent in 
the extraction operation.
The results or the interference studies may be summarized 
as follows. Positive interferences are given by mercury (II) 
ana diohrrm&t© ions. It was observed that an aqueous solution 
saturatea witm potassium cnlorlde ana containing mercuric ion 
when extracted with n-butyl alcohol yielded an alcoholic phase 
that yielded a violet color upon the addition of a-naphthyla-
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mine. Th© intensity of the color was observed to increase 
$n standing« Bichromate icn in an aqueous solution (saturated 
with potassium chloride) caused the alcoholic phase resulting 
from the butyl alcohol extraction to be colored orange. 
Treatment of this alcoholic solution with a-naphthylamine re- 
suited .in the development of a blue color. ‘Qualitatively, the 
intensity of the blue color appears to lb© dependent on the con­
centration of the dichrom&te ion. A masking effect was observed 
when cyanide ion was present.
II. Light-scattering data
Angular scattering patterns were recorded for each sol­
vent* system at various steps in the process to ascertain the 
approximate dimensions of the scattering particles„ Scattering 
intensities as a function of the angle of scattering (the 
angle between the primary beam and the scattered beam) were made 
initially on the alcoholic chloroauric acid solution. At 
different periods following the addition of the a-naphthylamine 
solution9 additional measurements of angular scattering were made 
The times at which these latter data war© recorded corresponded 
to definite periods in the "rate" process, as will to© shown 
later.
The Intensity values calculated (toy the method described 
earlier) from the measurements on the angular dependence of the 
scattering are represented graphically for the system of employ­
ing methyl alcohol as the solvent. The calculated values are
O*plotted against Sin™ 8/2 (where 8 is the angle of scattering) 
in Figure 3 . The intensities are plotted versus Sia£ 8/2 
because the theoretical equation relating a partial© dimension
22
to th© scattering Intensity involves the intensity of 
Scattering at a given angle a® a function of Sin'- B/2 0 A 
plot of this nature furnishes information concerning the 
dimensions of the dispersing material., providing the 
scattering is corrected In order to eliminate th© effect of 
dust and other foreign particles« (Representative dat© for 
all scattering measurements are tabulated in the appendix. 
The calculated intensity values for only on© of th© solvents 
will h© presented graphically„ these being representative 
of th© results of similar analyses in the other solvents.)
The results of the measurements on th© angular depend­
ence of the scattering intensity indicate th® presence of 
gm.ll colloidal particles for the region of interest„ As 
further evidence concerning th® smallness of th© colloidal 
particles and as comparative data for correlation with the 
results of earlier workers, time measurements were made of 
the scattering intensities nomal to th© incident beam 
and at angles of observation symmetrical about the normal, 
th© angles of observation being 60° and 120°• (Similar 
data recorded for the butyl alcohol system also included 
angles of observation of 4-3° and, 135°») 5h© calculated
intensity valTr.es for th® m.etnyl alcohol system are plotted 
as a function of time in Figure 0 In th© region labeled 
n$ucleation/' th© intensity values for the measurements at 
60° and. 120° are seen to be approximately ©anal and th© 
difference In these valuer to remain constant»
With th© small size of th© colloidal gold particles
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(during th© "maclaatiosa1 period)^establishedp time measure-
omerits of the 90 scattering intensities were then made in the 
various solvents with varying concentrations of chloroauric 
acid. The time rate of increase of scattered light is found to 
vary appreciable with varying concentration of chloroauric ion, 
Figure 5<,
Table








Glacial acetic acid 
Biethyl ether 
Benzene
acid with aniline in various
Observations
Very rapid development of 
dark red color followed by 
precipitation,.
Rapid development of dark 
red color with no subsequent 
precipitationo Gold "mirror” 
forms on walls of reaction 
vessel in solutions more 
concentrated with chloroauric 
acid, when allowed to stand 
for several hours.
Similar to methyl alcohol, 
tout with a longer time 
toeing required for color 
development.
Similar to methyl alcohol, 
but with considerably slower 
rate of color development.
Faint orange color forms 
immediately, with development 





Mo reaction realized, since 
chloroauric ion is insoluble 
in benzene„
Tablê  II
reaction of chloroauric a d d  with various aromatic 






Bark red color develops slowly
Bark red color develops slowly
Violet color develops slowly.
Faint orange color develops 
fairly rapidly with no further 
color change.
n-Butyl amine Similar to b-Iaphthyl amine
TABLE III
The extraction of chloroauric acid from an aqueous solution (saturated with potassium chloride) with n-butyl
alcohol, _
Concentration-1 Distribution Extraction
of Coefficient , %
Chloroauric acid K
62 — — —  99 09
124 — — —  99-9
246 246± 2/1 99o6+0,4
496 1624^2/1 99,440,6
•^Concentrations expressed as milligrams of metallic gold per 
liter of solution,
^Distribution coefficients calculated as th© ratio of the 
concentration of gold in the alcoholic phase to that in th© 
aqueous phase (concentrations as milligrams of metallic gold 
per liter of solution).
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Optical Density vs. Concentration of 
Gold (As Metallic Gold) in n-Butyi 
(Wavelength = 515 mu)
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Th® reaction of chloroauric acid with aniline wag found 
to he appreciably affected by the solvent employed as the re­
action medium. The solvents studies may be classified as 
followss ionisafcle, non-ionisable but polar9 and inert; 
these may be represented by waters ether, and benzene, 
respectively. From the nature of the Inorganic complex itself 
(chloroauric ion) it was to be expected that inert type solvents 
would have little tendency to solvate the inorganic material <> 
Consequently^ solvents of this type would not be expected to 
serve as reaction media.
For those systems in which solvation of the reacting 
inorganic material occurs, the time required for the system 
to reach the final state (evidenced by th© ultimate develop­
ment of the dark red color) was in appreciable variance between 
the several solvents,, These times varied from an instantaneous 
color development for the case involving water to an extremely 
slew' color development in diethyl ether. While no quantitative 
study was mace, a striking correlation between th© time required 
for the final color development and th© dielectric constant of 
the solvent was observed. The rat© of color development 
appeared to decrease with decreasing dielectric constant of th© 
solvent.
The nature of the amine used as th© reagent in a single 
solvent was studied only briefly. ^Butyl alcohol solutions of 
chloroauric acid were treated with several different amines and
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the results obtained alter the solutions were allowed to 
stand for some time were recorded <> Since only mono-dentate 
type reagents were employed, it was assumed that the final 
state of the gold would be the same in all cases. In other 
words, no stable molecular compound would be formed between the 
amine and the auric chloride as in the case of |>-acid fuchsin.
The variation in color of the final systems may thus be due to 
(a) the formation of different size colloidal gold particles, 
or (b) the color of the amine product of the reaction, or (c) a 
combination of these factors,
The application of the reaction between chloroauric acid 
and a-naphthylamine in n-butyl alcohol for purposes of identi­
fication and determination of gold was found to be satisfactory. 
Aqueous solutions containing chloroauric acid and saturated with 
potassium chloride were efficiently extracted with n-butyl 
alcohol. Though this is true for other solvents, an increase in 
the selectivity of the solvent-reagent system employed here has 
definite advantages over other extraction methods. Principle 
interferences were found with mercury (II), dichromate and cyanide 
ions. The first two of these were found to be extracted Into the 
alcohol and to give color reactions similar to that of chloroauric 
acid upon the addition of the reagent to the alcoholic solution. 
Cyanide ion inhibited the extraction of gold Into the organic 
solvent, to such an extent that an alcoholic solution of chloro­
auric ion when washed with an aqueous cyanide solution resulted in 
the removal of the chloroauric ion from the alcohol. For extraction 
purposes, however, the effect of cyanide ion can be remedied by
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the acidification of the aqueous solution with concentrated 
hydrochloric acid prior to extraction.
The application of this method for quantitative determi­
nations or gold was found possible by utilizing spectrophotometric 
methods * The procedure recommended is as follows: an aqueous
solution of the sample Is first saturated with potassium chloride 
and then extracted with n-butyl alcohol. (The potassium chloride 
serves to Insure the formation of the tetrachioro-complex of 
gold as well as to increase the immiscibility of the water and 
alcoholo) An aliquot of the alcoholic solution Is diluted to a 
convenient volume and then treated with a one per cent solution 
of a-naphthylamine in n-butyl alcohol„ After the solution is 
allowed to stand ror approximately thirty minutes, the optical 
density is measured at 515 mu. it should be pointed out that 
purified a-naphthylamine must be used for reproducibility of 
absorption measurements since the commercial amine contains con­
siderable quantities of the amine oxidation product, which is 
intensely colored . The importance of the time at which the 
optical density measurements are made was cited earlier.
II. Light scattering data
The experimental data Indicate that during the initial 
polymerization which gives rise to the formation of gold nuclei 
(following the mechanism proposed by Turkevich, et al, that is 
the formation of an intermediate complex between the chloroauric 
Ion and the reagent followed by a rearrangement to yield the gold 
nuclei) thd gold particles and/or amine aggregates are small 
compared with the wavelength of the primary beam. This is
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indicated because th© increase in scattered intensity as 
a function of the angle of observation is symmetrical about 
the direction of 90° scattering»
Further evidence indicative of the small size of the gold 
particles formed is found in the rat© studies on th© scattering 
intensities at 60° and 120° e The result of these studies show 
the magnitude of th® scattering intensities for these angles to 
be approximately equal for early stages in th© reaction (approxi­
mately forty minutes) with eventual divergenge being observed 
after extended time periods.
It was necessary to know that th© dispersed particles 
were small compared to the wavelength of th© primary beam for 
the interpretation of the 90° scattering measurements made in 
the kinetic study of solvent effect on th© reaction□ An exami­
nation of Figure 4 shows a "linear" region in which the rate of 
increase of the scattering intensity normal to the path of the 
incident beam varies directly with time. The interpretation of 
the influence of chloroauric ion concentration and the influence 
of solvent on the reaction was based on the 90°— scattering 
intensity measurements made in this region0
That th© scattering measurements show a decrease in th© 
symmetry ©f the scattered intensities at angles symmetrical 
about th© normal to the path of the incident beam after extended 
reaction times is of no consequence to the kinetic study since 
the measurements of this study were made at an earlier stage 
in the reaction 0 This divergence may b© interpreted as a 
consequence of the formation of very large gold particles. The
3^
results of an electromicrograph obtained for a n-butyl
alcohol solution which had been allowed to react for several 
hours see® to substantiate this ©onclusloia since th© particles
appeared to fcav® a diameter of approximately 2000 A e
A mathematical treatment of polymeric type reactions seems 
in order for the interpretation of th© scattering data as a 
means of studying rat® processes *
Th® turbidity of a theModymaaaically ideal solution of 
particles whose dimensions ®r© small compared to th© wavelength 
of the primary bean can to© described by the equation given 
earlier«, vlzos>
where FT> is the ratio of th© indices of refraction of solute and 
solvent
'** is the number of particles per cubic centimeter of 
solution9
and v is the volume of the particles which are small
simple Rayleigh treatment given her© as long as w© consider only
Following th© treatment of Qatar (21)„ th© turbidity of a
o
This equation may be expressed alternatively as (22)s
compared to the wavelength of the Incident beam 
and are considered to b® spherical and far enough 
apart to act independently0
th© index of.ch as thos© studied herFor metallic particle
those cases where the angular scattering pattern is symmetrical 
polydispersed system can to® represented an the sum of th© con­
tributions from each of th® componentm of the system and is
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given Tbys
T  - * y*-L ~ ~ W  K ' ^ z ) L nriJ
It follows that although th© number of partlcl.es decreases with 
time for a polymerising or coagulating process 9 th® Intensity 
of light scattered by such a system will increase with time 
because th© volume of th® particless which is also increasing 
with time*, appears In th® equation as a squared term.
Let us assume that gold atoms are formed by th© reduction 
of chloroauric acid and that th© rat® of a aggregation of these 
gold atoms is initially slow (either du© simply to their low 
concentration or perhaps to their being surrounded or complexed 
by organic material9 according to th© Turk@vich mechanism) until 
an appreciable concentration of gold is obtained„ Thereafter, 
the rate of aggregation Increase©9 and no restriction will be mad© 
as to th© availability of the various sis© particles for 
aggregations or in other words9 any slz© particle may react with 
any other size particle and active centers are not the center 
of ail further polymerization„
On the assumption that all particles have equal probability 
of reacting9 th® argument of FXory (8 ) that In a linear con­
densation polymeriz&tIon th® number of j-mers at aniy time Is 
given by
(> s2 J-l *5 - n. fl-pj f
seems In order* In this equation 1 pM Is th® extent of the
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reaction, the fraction of the total number of reactive sites 
which have reacted at time "t" and no Is the initial concentra­
tion of monomers, in this case gold atoms,, Combination of gold 
atoms, with or without accompanying amine aggregates, is not 
strictly a linear condensation but approximates one.
The initial concentration of gold atoms at the time 
aggregation begins is not known. If we assume that the mechanism 
of the reduction of gold (III) involves only one chloroauric ion 
then the initial gold concentration will be directly proportional 
to the initial chloroauric complex concentration.
Since the volume of the j-mer is j-times the volume of the 
monomer, the turbidity is then given by
where
Substitution or (*Tnw«sinn f*nr» n. into this equation gives
For a linear condensation second order reaction, the extent of the 
reaction "pn, can be expressed as
and
?  - | + ik?t
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where k # is the reaction rat© constant (l8 )o Substitution of 
this value of "p,f into the turbidity expression* w© obtain
* K  vfn. (1+ kt)
Thus* the turbidity at time lft!f is proportional to the time.
The slop© of the turbidity-time plot is determined by the rate 
of th© initial polymerisation step and could b© determined if 
the initial monomeric gold concentration were known.
The coagulation process involved in th© formation of a gold 
sol eculd possibly ‘be linear condensation polymerization or 
addition polymerisation, One would expect rapid coagulation of 
colloids to be essentially condensation polymerization, 
Smoluehowski (29) gives th© rat© constant* k f, in a system analog­
ous to that of condensation polymerization to be
k' = S f r A D 0!?n,
where *o Is the radius of sphere of collision* 
ftsis the number concentration*
IX is the diffusion constant of th© particles * 
and A  is the percentage of colliding particles that react. 
Substitution of this expression into the one for turbidity yields
I — K  v* nft(i + dirA
Y 7/ySince D 0 is proportional to ^^rrnrs* where Kb is the Boltzmann
&
constant and ^ is th© viscosity of the medium* and since th©
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volume of th® particle is proportional to 1/n, then
4 1  _ K v/rt ^Trrg Kb"t”A
I 1it ~ 3 TT V'i rQ
f l K K h A T v f n *
” 5 n
If equals th® weight concentration and d is th© density 
of the particles, the change in turbidity with time can he 
expressed as
_ <5 K W T ^  
2 t ~ 3  "1T1P '  *L
Thus the change in turbidity with time is proportional to the
square of the weight concentration, for linear condensation poly­
merization o
If we consider the coagulation of the gold particles to he 
an addition polymerization in which there is a build up of high 
polymeric particles as active centers or nuclei, the size distri­
bution for monomer addition is given by Pols son * $ distribution 
formula (9) s
ti aKv Vkt)
A * — ft €■j s ( j - i V
nj is the number of species with (j - 1) monomers
and n0 is th© mania®r of active nuclei „
Substitution of this value of nj into the turbidity expression
(p» 36) yia2.de
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It can be seen fro® this expression that in addition poly­
merization no simple relationship exists between the rate 
of change of turbid.Ity and the Initial concentration of 
monomeric g©M.
The turbidity-time measurements show* an initial 
induction period similar to that observed by Turkevlch
and co-workers9 followed by a rapid increase of scattering
intensity with time* and in turn by a region in which
turbidity Increases linearly with time. This linear nature
of the turbidity-time plot seem.® to indicate a condensation 
rather than an addition polymerization mechanism. The 
angular scattering patterns and symmetry measurements as a 
function of time have already been cited as indicative of 
the small size of the colloidal gold particle9 which facts 
offer additional validity for the assumptions necessary 
In the mathematical treatment.
To ascertain the type of polymerization Involved in 
the formation of the gold sol In this study9 data were 
recorded on the rate of increase of 90u scattering for 
different initial concentrations of chloroauric acid In 
an attempt to realize some mathematical relationship between
40
I
th© two quantities. When the elope of the "linear” portion 
of the turbidity-time curves for varying concentrations of 
chloroauric ion are plotted against the square of the 
respective concentrationss a straight line is obtained,
Figure 6 . Since the above treatment for linear condensation 
adapted by inclusion of the Smoluchowski rate constant yielded 
an expression in which the change in turbidity with time was 
proportional to th© square of the initial concentration of 
chloroauric ion for condensation polymerization, this type 
OEf polymerization is believed to apply here. It is to be 
noted that these results are In agreement with the results 
reported by Turkevlch, et al, for the process they have 
defined as "nucleatlon." That this proportionality to the 
square of the concentration is realized is further evidence 
that addition type polymerization is not the case.
An addition polymerization was proposed by those authors 
for the process they termed "growth.” The results of the 
extended time measurements of turbidity in this study are in 
qualitative agreement with this theory, though it is Impossible 
to make any further analystT3 of the subject sine© the extremely 
large size of the gold particles In this region do not permit 
an interpretation of the light scattering data,.
Having justified the interpretation of th© 90°scattering 
measurements for kinetics purposes, we may now consider the 
effect of the various’, solvents on the reaction. In other words, 
it now becomes possible to compare the simple change in turbidity 
with time measurements for.,a given initial chloroauric acid
c o n c e n t r a t io n  i n  f,h© s e v e ra l solves&tss i n  o r d e r  t o  r e a l i z e  a 
q u a l i t a t i v e  s o lv e n t  e f f e c t  o r  in f lu e n c e  on th e  r e a c t io n „ The 
t u r b ld l t y - t im ©  d a ta  f o r  a p p ro x im a te ly  e q u iv a le n t  c o n c e n t ra t io n s  
o f  c h lo r o a u r ic  a c id  i n  th®  v a r io u s  s o lv e n ts  a re  p re s e n te d  g r a p h i­
c a l l y  l a  F ig u re  Jo {The s c a t t e r in g  I n t e n s i f i e s  c a lc u la te d  b y  th e  
m ethod d e s c r ib e d  e a r l i e r  have been f u r t h e r  c o r re c te d  f o r  th©  
i n t r i n s  i c  s o lv e n t  in f lu e n c e  on th e  m easurem ents 0 T h is  c o r ­
r e c t io n  m s  made b y  d i v i s i o n  o f  th e  i n t e n s i f y  va lu e ®  b y  th e  
square  o f  th e  in d e x  c f  r e f r a c t i o n  o f  th©  r e s p e c t iv e  s o lv e n t  0)
The In f lu e n c e  o f  th e  s o lv e n t  on  th©  r a te  o f  change o f  t u r b i d i t y  
w i t h  f i x e  I s  s e l f - e v id e n to
An I n t e r p r e t a t i o n  o f  t h i s  a p p a re n t In f lu e n c e  can p o s s ib ly  be 
made th ro u g h  a c o n s id e r a t io n  o f  th e  d i e l e c t r i c  c o n s ta n ts  o f  
th e  s o lv e n ts  „ These c o n s ta n ts  v a r y  downward fro m  an a p p ro x im a te  
v a lu e  o f  34 f o r  m e th y l a lc o h o l  t o  one o f  18 f o r  n - b u t y l  a lc o h o l <> 
I f  one c o n s id e rs  th©  r e a c t io n  re s p o n s ib le  f o r  th©  fo r m a t io n  o f  
■she g e ld  a tom s
[ / U C l 4]  «*• eC-M — ctrN +* A w  +■ Ar C l
th©  in t e r p r e  t a t  io n  o f  th©  d i e l e c t r i c  o f  th e  s o lv e n t  medium as th©  
f a c t o r  i n f l u e m ln g  the r a t s  In q u i t e  .in o r d e r „ A lth o u g h  th e  
u u r l i d i t y  m easurem ents a re  f o r  th©  " n u c le a t lo n ” p ro c e s s *  th e  r a te  
o f  t h i s  p ro c e s s  s h o u ld  be d e p e n d e n t on th®  ra t©  o f  t h i s  r e a c t io n » 
A h ig h e r  d i e l e c t r i c  s o lv e n t  m a te r ia l  w o u ld  be e x p e c te d  t o  fa v o r  
th©  r e a c t io n  s ine©  I t  in v o lv e s  th e  fo r m a t io n  o f  f o u r  p a r t i c le s  
c f  u n i t  ch a rg e  ( c h lo r id e  i o n } f o r  e a ch  i n i t i a l  p a r t i c l e  o f  u n i t  
ch a rg e  ( c h lo r o a u r ic  I o n ) .
Flgur© 6
dl/dt vers'as (Concentration) Methyl Alcohol Solvent
400100 300 500
Samrfe of Gold (111) concentration„ Milligrams per liter
_ .. .of aolutlon.
43
Figure 7
Infcans±ty-T±ne Measurement as a Function of the Solvent
go
A » Methyl Alcohol 
B - Et-hjI Alcohol 







lo The effect of a variation in the sotent medium for the 
reaction of chloroaurlc acid and aniline has been observed. On 
a qualitative basis, these variations have been interpreted as 
a dielectric effect - the apparent reaction proceeding more 
rapidly In the solvent of higher dielectric constant.
2 o Observation on the utilization of several different 
amines to react with chloroauric acid in a n-butyl alcohol 1
solution were recorded <>
3 » A quantitative study was made on the extraction of 
chloroauric acid into n-Bnfyl alcohol from an aqueous solution 
saturated with potassium chloride „ The distribution of the 
chloroauric ion between the alcohol and water solvents as a 
function of the chloroauric acid concentration was found 
sufficiently favorable to warrant the method as a means of 
isolating gold in the form of the chlorocomplexo
4. Isolation of chloroauric acid by extraction info 
n-bufyl alcohol with subsequent defection and determination of 
the concentration of the inorganic material by reaction with 
an alcoholic solution of a-naphftylsmlne was investigated.,
If was found that less than one microgram of gold could be 
detected. Mercury (II)j, dichromafe and cyanide ions were 
found to give interferences when the method is employed for 
detection purposes. The violet colored solution resulting 
from the reaction was found to obey Beer's Law (the time at 
which the measurements of optical density were mad© being 
critical}| thus* the method,_is applicable for the quantitative
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determination of gold „
5° Light-scattaring measurements isndicated that the 
colloidal gold particles produced fey the reaction in methyls 
ethyl9 n-propyi and n-butyl alcohols were small during the 
process defined as Mjaucl®&t±on0"
60 Measurements on the tiate rat© of increase of the 
90  ̂scattering intensity for the “linear" portion of the 
n&cleatlcn process as a faction of gold (III) concentration 
within a single solvent indicate that this rat© is pro­
portional to the square of the concentration of gold (III). 
This Is in agreement with the predictions of the theory 
for linear condensation polymerization *
7» The influence of solvent on the reaction of chloro­
auric acid with s-naphtbylasaine was studied fey measuring the 
time rate of increase of the 90° scattering intensity for 
solutions containing approximately equivalent chloroauric 
acid concentrationso The solvents studied were methyl9 
ethyla n~propyl and n-butyl alcohols0 The considerably 
different rates that were observed were Interpreted In terms 
of the dielectric constants of these solvents* a higher 
dielectric constant feeing associated with a higher rate•
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* Intensities were read to tiie nearest 0*5 galvanometer 
division, for reaction times *
T* “i,ylt2
0 seconds
900-1000 seconds 2300-2.400 seconds
TABLE ¥
AMGITLAR SGATTEKOt® PATTERN -  ETHYL ALCOHOL 30LVENT
Angle Intensity* Intensity*
tx tg S '
0 65 »o 46.0 43.O
20 4920o0 3321.0 5580.0
30 909 oO 845.0 1549.0
40 364 0 0 419.0 772-0
30 156 oO 288.0 448.0
60 96.0 169.0 3I3 .O
TO 59 oO 140.0 260.0
80 46 .3 126.0 229.0
90 41.0 119.0 218.0
100 38o5 117.0 214.0
110 39 °5 120.0 222.0
120 43.5 128.0 235.0
I3O 55-0 143.0 262.0
* Intensities were read to the nearest 0<,5 galvanometer 
division, for reaction t,“
fc-j = 0 seconds
tg = 900-1000 seconds
t*3 =2300-2400 seco
TABLE--VI
AHGBLAR SCATTERING PATTER! - n-PROPYL ALCOHOL SOLVENT
Angle Intensity* Intensity* Intensity*
t"l to to_____________  ±---------   *=—   -.YL .....
0 6105 54.0 54.0
20 922 oO 1810.0 1006.0
30 222 .0 288.0 502.0
40 73»0 167.0 294 .0
50 36 o5 93-5 220.0
60 27 »5 78.0 162.0
70 23 oO 71.0 142.0
80 2 1 o0 66.0 131.0
90 20.5 6 4 .5 126.0
100 ro 1-1 0 0 65-5 127.0
n o 23.0 68.0 131.0
120 25.5 73-0 140.0
130 32.0 83.5 I58.O
*Intengit±es were read to the nearest 0o5 galvanometer division, 
for reaction times;
t± - o seconds
^2 = 1200-1300 seconds
*3 - 2500-2600 seconds
55
TABLE VII
ANGULAR SCATTERING PATTERN - n-BCTYL ALCOHOL SOLVENT 
Angle Intensity* Intensity* Intensity*
0 70oO 58.0 45.5
20 3666 0 0 3184.0 13350.0
30 525 oO 433.0 6325.0
40 255*0 203.0 3862.0
50 106 .0 111.0 2498.0
60 63 oO 72.5 1824.0
70 47 oO 57.5 1449.0
80 35.0 49.0 1237.0
90 28.5 45.5 1112.0
100 28«5 45.0 1087.0
110 33*0 46.5 1124.0
120 34 oO 50.5 1224.0
130 44 „0 59.0 1399.0






























































































































































































































































































































































































































































































































































































































INTENSITX»TXEE MEASUREMENTS - METHYL ALCOHOL SOLVENT
TABLE IX
INTENSXTX-TXME MEASUREMENTS - ETHYL ALCOHOL SOLVENT
Intensity* Time 9 Intensity* Timep Intensity* TimeP Intensity* Timep
0® -SS^. _  .60®___ ry .90® g&CIyv. . 120® 56C
65 oO 0 96oQ 0 41 00 0 43=5 0
50c 5 215 86o5 200 46=5 185 47o0 170
4.8 oO 315 96oQ 300 56.5 285 59=5 270
4.8 oO 415 H 80O 400 78cQ 385 83 oO 370
47=0 515 129 oO 500 86.0 435 91 o0 470
47o0 615 139 O0 600 94=0 535 101 oQ 570
47.0 715 146 oO 70O 102.0 685 110 oQ 670
46o0 815 154=0 800 107 oO 785 115 oO 770
,46 cQ 915 XSloO 900 113 oO 385 123.0 870
45=5 1115 203 oO 1200 15000 1185 159 oO 1170
45=5 1215 207 cO 1300 153 oO 1285 I65 O0 1270
45 o5 X315 216.0 1500 159 oO 1485 171 oO 1470
45 oO 1515 222o0 l600 163 oO 1585 176 oO 1570
44=5 1615 231=0 1700 167 oO 1685 180 oQ 1670
45 oO 1715 243 O0 1800 174 oO 1785 190 oO 1770
45 o5 1815 2460Q 1900 180.0 1885 195 O0 1870
45=0 1915 252.0 2000 184=0 1985 199 O0 1970
44o5 2015 28000 2100 188 o0 2085 203 oO 2070
44 oO 2115 2 6 9 O 0 2 2 0 0 195=0 2185 210^0 2170
44=0 2215 279oO 230O 2 0 1 . 0 2 2 8 5 2lSo0 2270-
44=0 2315 2 9 2  O 0 2400 207o0 2385 222.0 2370
43 op 2415 305=0 2500 2I4 oO 2485 231 oO 2470
43 o5 2515 330c0 2700 226 oO 2685 2 4 6  oO 2670
*  Intensities were read, to the nearest Q<>5 galvanometer divisiono
TABLE X














6lo5 0 27o5 0 20o 5 0 25o5 0
58„5 260 30oQ 270 22o0 280 26 oO 290
5606 360 31oQ 370 23 o5 380 27o5 390
55o5 460 36 oO 470 27o5 480 32o0 490
55*5 560 4I 0O 570 32o0 580 37o5 590
55 oO 660 47oQ 670 38o5 68a 45o5 690
5<4o 5 760 580© 770 44 0 780 51o5 790
54oG 860 63 oO 870 52oQ 880 6Qo5 890
54*5 960 68o0 970 57o0 980 65o5 990
54o0 1060 71c 5 1070 6O 0O 1080 70 C0 1090
54o5 1160 77c5 1170 64°0 1180 72 o5 1190
54°0 1360 79o5 1370 65 o5 1380 74o5 1390
55 oO 1460 83 oO 1470 680O 1480 77o5 1490
54 oO 1560 S6o5 1570 71o5 1580 8I 0O 1590
54o0 1660 90o0 1670 74o0 1680 S4c5 169©
54o5 1760 105 oO 1770 87o0 1780 96o0 1790
54o0 1860 112 oO 1870 91 oO 1880 103 oO 1890
53 o5 1960 114 oO 1970 95 oO 1980 108^0 1990
53 cO 2060 121 oO 2070 99*0 2080 112 oO 2090
53o5 2160 125 oO 2170 103 oO 2180 116 oO 2190
54oG 2260 136 oO 2270 HQ oO 2280 124o0 2290
53o5 2360 150 O0 2370 115 oO 2380 129 oO 2390
54o0 2460 153 oO 2470 123 oQ 2480 138o0 2490
I82o0 2635 135 oO 2645 154oQ 2655
^Intensities were read to the nearest 0,5 galvanometer division0 ut00.











































































































































































































































































































































































































































































































































































60 H° o 0
Intensity* Time, Intercity* Time, Intensity* Time, 
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O0MOE1TKATXQI EFFECT 01 I1TEIBITY- TUSE MEASUREMENTS
EETMYL ALCOHOL SOLVENT







96.5 0 25 oO 091.0 39 25 ®o 2284.0 93 26o0 6078.0 157 35.0 11071.0 207 58o0 17471.0 248 107-5 27769.0 310 142*5 3446?.0 366 189.5 42965.0 455 235 oO 513
90.o 0 25*0 0
80.0 42 26 oO 21
74.0 83 3O0O 6368.0 125 40*0 10561.0 173 119,0 24357.0 218 177-0 333
53.0 270 227-3 40947.0 38# 254 oO 448
45.5 471 288 oO 506
86.5 0 28,3 070.0 46 30-0 26
62.0 74 44 oO 8?
49.0 136 52 oQ 106
40.0 200 880O 162
35.0 2^4 123.0 220
29.5 333 139-3 273
25.5 433 184 0 3 31425.0 ^qS 284 ,5 492
^Go&cemtration s expressed &$ milligrams 
liter or sointion*
f metallic gold per
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vOHCEHERASIOM K.TOEGT 01 ISTIISITX-TIMS MEASHREMEMTS
iffi-PKGFTL ALCOHOL SOLVEIT
Concentration® Intensity*® Time. Intensity®* Tine,



















2  s' .024.5
•Concentrations expressed as milligrams of metallic gold 
per liter of solution.
••Intensities were read, to tine nearest 0.5 galvanometer 
division.












255 48.0 2203O3 56.0 270
408 83.O 388
518 113.5 487
0 25.5 061 27.0 42
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